Abstract. So far, the research of static voltage stability is relatively mature. Several indices of static voltage stability are introduced, such as singular value index, sensitivity index, line voltage stability index and local voltage stability index. Several analysis methods of static voltage stability, including singular value decomposition method, sensitivity analysis method, continuous power flow method and collapse point method with the summary and comment. The preventive control strategy of static voltage stability is analyzed and summarized. Finally, the future development direction is prospected.
Introduction
The static voltage stability analysis method has made great progress in recent years, and it has already been mature. At present, the static voltage stability analysis methods are based on the power flow equation or the improved power flow equation, the physical nature which is the limit operation state of power transmission network as the critical voltage instability point. The difference is that a variety of methods use the diverse characteristics of limit state as the criterion of critical point. The advantages of static voltage stability analysis is a small amount of calculation. To a certain extent, it can reflect the system voltage stability level and give the power system voltage stability margin, and its sensitivity information on the state variables and control variables. The purpose is to monitor and optimize the power system, which is of great practical significance to the power system operation and dispatch department. Static voltage stability analysis has been greatly developed as its simple and practicable, when the system voltage stability index and voltage collapse prevention strategy are needed urgently by electric power operating department. It is one of the most important directions in the research of voltage stability at present.
Static Voltage Stability Analysis Method
Static voltage stability is studied by means of the static voltage characteristic of the load and the system is described by an algebraic equation, to analyze how a given operating point approaches an unstable state. Static voltage stability analysis is that the stability of the current operating point is estimated by increasing the load gradually under the premise of maintaining the constant power or constant current. Static voltage stability analysis methods include singular value decomposition method, sensitivity method, continuation power flow method, collapse point method, etc.
Singular Value Decomposition Method
When the system reaches the limit state voltage stability, from the mathematical point of view, the Jacobi matrix of the power flow equation is close to the singularity, the singular point of the Jacobi matrix is the critical voltage stability point at present. The singular value decomposition method is used to analyze the singular degree of the Jacobi matrix of the power flow to reflect the distance between the current operating point and the limit point of voltage stability. In [6] author has proposed that each eigenvalue of the reduced order Jacobi matrix corresponds to the operating mode of a reactive power and voltage, the relative measurement of the voltage stability of the current operating state can be represented by the modular value of the eigenvalues.
Sensitivity Analysis Method
Sensitivity method is used to evaluate the static voltage stability based on the sensitivity matrix derived from the power flow equation. Sensitivity parameters are determined by the relative relationship between the state variables and the control variables. The commonly used sensitivity: Sensitivity of load node voltage to active or reactive power ( L L dU dP , L L dU dQ ); Sensitivity of generator reactive power to active or reactive load ( g L dQ dP , g L dQ dQ ); Sensitivity of load node voltage to generator node voltage ( L g dU dU ). When the sensitivity coefficient increases, the power system tends to be unstable. In [7] author has proposed that the static voltage stability control is based on the sorted sensitivity parameters of the system. In [8] , the application of sensitivity parameters is extended from single machine load to multi machine power system.
Continuation Power Flow Method
Because of multiple solutions of the power flow equation is closely related to the stability of the system voltage, the continuation power flow method is used to overcome the problem of convergence near the limit of stable operation by continuously updating the power flow equation. This is an effective method to calculate the voltage stability limit.
The continuation power flow method has four basic steps: prediction, correction, parameterization and step control. As shown in Fig.1 , through constant prediction and correction, the collapse point of voltage stability is obtained. In [9] author has proposed an improved continuation power flow method that the PQ decomposition method is used to solve the power flow, the prediction process is simulated by using the Lagrange two interpolation technique, and the local parameter method is used to solve the correction equation. In [10] , considering the limitation of generator reactive power output, the PQ node transformation is carried out on the generator node, and the Newton interpolation is used to predict the actual state of the generator. 
Collapse Point Method
The Jacobi matrix of the power flow equation is singular at the critical point. The collapse point method is that through the extended power flow equations avoiding the problem of the singularity of the Jacobi matrix at the critical point, the limit point is calculated directly by the augmented matrix. The collapse point method is also called direct method, which requires higher initial value. A static voltage stability analysis method based on the continuation power flow method and the collapse point method is proposed in [11] . Firstly, the critical voltage stability point is obtained by using the continuation method, which is used as the initial value of the collapse point method. When the results of the continuous method are taken as the initial values, the convergence at the voltage collapse point is better.
Method Review
Static voltage stability analysis method has been developed relatively mature, and its calculation is much smaller than the dynamic analysis method. Although the voltage stability problem is a dynamic problem, it can be regarded as a static problem in some cases. Static analysis methods have many applications in the evaluation and prediction of voltage stability. Singular value decomposition method is based on the linearized power flow equation, but the Jacobi matrix of the power flow equation has a high degree of nonlinearity. When the generator reactive power arrives at its limit, it will lead to the change of the minimum eigenvalue. So it is very difficult to evaluate the degree of voltage stability objectively. When the system is close to the critical state, it is of great significance to linearize the power flow Jacobi matrix of the nonlinear element. The physical concept of the sensitivity method is simple and clear, the amount of data needed is small, and it has a good application in judging the weak point of the system voltage stability and evaluating the stability of the system. However, for complex systems, the linear characteristic of the sensitivity index is not good, and it cannot reflect the critical state of the system. The continuous power flow method can effectively calculate the critical voltage stability point, provide a useful theoretical support for the research and the limit of voltage stability. But, in the face of increasingly complex power system, continuous power flow method has many shortcomings, such as large amount of calculation, high time consuming, not suitable for online application, etc. The collapse point method is clear concept and rapid calculation, and it is very effective to identify the weak position of voltage collapse. However, it is difficult to select the initial value, consider various kinds of inequality constraints, so it lead to the convergence of iteratively solving is poor or it converges to the wrong operating point.
Static Voltage Stability Analysis Index
Static power stability index can be divided into margin index and state index [12, 13] . The same point of these two indicators can accurately determine the distance between the current operating point of the system and the voltage collapse point of the system, which has the characteristics including accuracy, rapidity, information and linearity.
Margin Index
Margin index, also known as the load margin index, is an effective method for voltage stability analysis. Generally, it refers to the distance between two points that the current operating point with load growth more and more tends to the voltage collapse point under a given running state in the system (Fig.2) . The physical meaning of the index is clear, intuitive, and linear, it is helpful to consider the influence of various factors in the transition process. So it has been widely used. 
State Index
The process of the calculation of the state index, the problems of calculating the critical point of the system and simulating transition are avoided, only needs to increase the individual inequality constraints of the load to get the information of the current operation state, and most of them are only simple algebraic operations. Therefore, it has the advantages of simple calculation and less computation, and is more suitable for the application of voltage stability estimation and optimization problems. State index can be divided into several categories, including singular value index, sensitivity index, line voltage stability index (LUSI), local voltage stability index (L-index), etc.
Singular Value Index
The singular value index is that the Jacobi matrix of the system equilibrium point equation or the power flow equation is transformed into an irreversible matrix, and then we can get the zero singular value, when the system runs to the saddle node bifurcation load limit. So the voltage stability of the system can be determined by the singularity of the Jacobi matrix of the power flow equation. However, the prediction accuracy of the index is low, and it is difficult to be applied online because of its large amount of computation and difficulty in programming.
Sensitivity Index
Based on the power flow equation, the sensitivity index is used to study the stability of the system voltage. It is not only widely used in judging the voltage stability of the system, but also controlling the reactive power and voltage of the generator. The physical meaning of the index is clear, the calculation is simple and it is easy to realize. However, some sensitivity indices have limitations, such as the nonlinearity of the system, the dynamic performance of the load, and so on, which are not considered. Therefore, the sensitivity index is generally acted as an auxiliary tool, which can be used in cooperating with other indices.
Line Voltage Stability Index (LUSI)
The line voltage stability index (LUSI) is a two order equation which is used to solve the branch transmission power based on the impedance branch model. According to the discriminant of the solution, the index of voltage stability is obtained. Under a given operating condition, the stability index value of a branch voltage is between 0 and 1. If the LUSI<1, system can be considered to be stable; if LUSI=1, it shows that the system has reached a branch power transmission limit, may occur the voltage collapse in the load increasing; if LUSI>1, system is considered to be unstable.
Local Voltage Stability Index (L-index)
In 1986, Kessel proposed local voltage stability index (L-index) which can be derived from the Kirchhoff's current law network equation, and its value varies from 0 to 1. L-index can clearly reflect the distance between the operating point and the voltage collapse point of the system, point out the weak node. The calculation speed of the index is fast, the physical meaning is clear, it has a certain range of operation, and the normalized degree of the index is very good. It has been applied in the actual power grid [17] .
In summary, summarized the characteristics of several state index, it is found that the calculation of singular value index is large and it is not suitable for the practical application; LUSI has a fast calculation speed and the advantages of clear physical meaning, but according to the voltage collapse point of different systems, the corresponding index value tends to infinity, so it cannot judge the degree of voltage instability of the system, lack of general applicability; Local voltage stability (L-index) can overcome the defects. According to different systems, it can give normalized index values. In recent years, the index has been widely used in reactive power/voltage control strategy.
Preventive Control Strategy for Static Voltage Stability
The ultimate purpose of voltage stability study is to improve the voltage stability of the system. In some cases, the operating point is very close to the critical point or lose stability immediately, and the corresponding control measures should be taken to prevent the occurrence of the accident. Therefore, it is of great significance to study and improve the control measures to prevent voltage instability.
The preventive control measures of static voltage stability are implemented when the system disturbance does not occur [18, 19] . The main control measures for one or more credible fault system to improve the safety margin [20] . As shown in Fig.3 , O point is the operating point before system failure. When the system fails, the operating point will move to the A point on the PV curve after the failure. It can be seen that the A point is very close to the critical point. The fault margin is very small, so the implementation of prevention and control strategies will be operating point to point B, thus improving safety margin of the system after failure. According to the different treatment methods of voltage stability control, the mathematical model of preventive control can be divided into two categories:
(1) To take economic or other minimum cost as the objective function, the system need to satisfy the load margin as the constraint conditions for processing, that is to ensure that the system meets the requirements of static voltage stability margin at the lowest possible cost; (2) The load margin parameter is taken as the objective function, and the load margin is maximized by the optimization method. The first kind of processing method has good flexibility, and it is suitable for a variety of optimal solutions. It is based on the sensitivity of load margin to various control parameters to establish the optimal control model, and through the optimization algorithm to determine the prevention and control strategy. The optimal control strategy includes adjusting the increasing direction of the active power output of the generator, controlling the generator terminal voltage and controlling the reactive power output of the compensator.
The existing voltage stability preventive control strategy can ensure that the operating point of the system is still in the voltage stability region after most faults. But from the economic and practical aspects to consider, because the actual control parameter adjustment, regardless of whether the expected failure will occur, it will pay the economic costs and the impact on the operation of the ground state system. especially the frequent regulation of active power has brought great negative effects on power plants. Therefore, the static voltage stability preventive control strategy needs to be further improved and perfected.
Conclusion
The power flow equation in the research of static voltage stability in power system has been widely used and has made great progress. But, regardless of the method, its physical essence is to limit the running state of power network transmission power as the critical voltage instability point. The difference is that the different characteristics of the limit operating state are taken as the criterion of the limit operation state, and the critical points of static voltage stability and the static voltage stability margin are calculated by different methods.
Although the calculation of static voltage stability limit and margin of power system has made great progress, and it has been applied in the practical system, there are still a lot of work to do in the algorithm and the computation speed. At present, there are many kinds of methods of static voltage stability limit analysis. The researchers study the voltage stability of power system from different angles, which is helpful to the profound understanding of voltage stability.
Voltage stability is essentially a dynamic problem. Only through the dynamic analysis can we reflect the influence of dynamic factors on voltage stability, and further understand the mechanism of voltage collapse and the results of static analysis. The difficulty of dynamic analysis is to establish dynamic model with a simple and including the main components of the system and the load model. The general trend of the development of dynamic voltage stability is to improve the accuracy of voltage stability. Although many progress has been achieved, but the overall is still not mature, the need for further research and continuous improvement.
